I. INTRODUCTION
In paper [1] , Bo Liao et al. made a comparison for the first exon of globin genes sequences belonging to 11 different species (see Table I Table IV in Ref. [1] ) were computed by calculating the Euclidean distance between the end point of the vectors. Compared with other's results in recent papers [2] - [34] , we find the result in Liao's work was imperfect because the conclusion that Opossum and Gallus were dissimilar from other species couldn't be derived. On the contrary, Goat-Gallus, Lemur-Gallus Rabbit-Gallus, Opossum-chimpanzee had smaller entries which didn't coincide with the real evolutionary relationship.
In this paper, we propose another 3D graphical representation. Based on the invariant 2 S which are sensitive to the characteristic curves, we construct an 9D vector, then make a comparison for the first exon of  globin genes sequences belonging to 11 different species which were most used [1] - [34] (see Table I ) . We find our result coincide with the result of similarity reported in others' works [2] - [34] . That's to say, our method avoid the deficiency which appear in Liao's work. Moreover, compared with others' work [1] - [5] , [8] - [14] , [19] - [28] , our graphical curves are compact, that's to say, our graphical curves do not take up much room, and the complexities of computation is very small. Furthermore, the examination of similarities among the full coding sequences of globin gene of different species (see Table I ) which were studied by Li et al. [15] and Guo et al. [29] and Li et al. [30] and Qi et al. [31] and Huang et al. [32] and Guo et al. [33] and Qi et al. [34] shows our graphical representation method is more effective to the comparative study of DNA sequences.
II. MATERIALS AND METHOD

A. Materials
It is well-known that the biological sequences have some chemical and structural properties, thus these attributes are usually used to study biological sequences. For DNA sequences, the four elements (A, T, G, C) can be classified into three groups: (1) purine group R=(A, G)/pyrimidine group Y=(C, T); (2) ketone group M=(A, C)/amino group K=(G, T); and (3) weak hydrogen bonds group W(A, T)/strong hydrogen bonds group S=(C, G). From the view of the above characteristics, the different condensed curve will be derived based on different assignment according to chemical and structural properties of nucleotide bases.
In this paper, in order to verify the proposed method, the most used DNA sequences are reused [1] - [34] , which are the coding sequences of the first exon and the full coding sequences of globin gene of 11 different species shown in the Table I . Then a map  which maps S into a plot set is defined as follows. Explicitly,
where i A is are the cumulative occurrence numbers of A in the subsequence from the first base to the i-th base in the sequence, and it is similarly to i G , i C and T i . In other word, a DNA sequence is reduced into characteristic plot set 12 , , , n P P P . The curve connecting all plots of the characteristic plot set in turn is called characteristic curve. Based on classification of four bases of DNA sequences mentioned in Section 2.1, only three characteristic curves for one DNA sequence corresponding to the three classification of nucleotide bases can be outlined, which named with ATGC-curve, ATCG-curve, AGTC-curve obtained by map 1  , 2  and 3  based on three pattern ATGC, ATCG and AGTC respectively. In Fig. 1 , one characteristic curve representing the sequence ATGGTGCACC based on ATGC pattern is given.
C. Numerical Characterization of DNA Sequence
In this section, the numerical characterization of graphical curve which facilitates quantitative comparisons of sequences is introduced. That's to say, a mathematical invariants is used to characterize graphical curve. According to the graphical representation of DNA sequences, each DNA sequence can be represented by a set of vector points in Cartesian coordinates. This invariant sensitive to the graphical curve, 2 S is defined as follows. For any sequence, there is a set of points ( , , ), 1, 2, ,
where n is the length of the sequence.
Similar to [7] , ,, x y z may be calculated as follows:
Then the mathematical formula for the computing 2 S is as follows:
III. RESULT
Comparison of similarities/dissimilarities is the essential motivation of graphical representation, which is reflected in recently published papers [1] - [34] . Here we also illustrate the use of our quantitative characterization of the DNA sequences with an examination of similarities/dissimilarities among 11 species in the Table I . A direct comparison of these sequences using computer codes is somewhat less straightforward due to the fact that these sequences have different lengths. In this paper, we represent the sequences with corresponding 9-component vectors then different lengths of the sequences
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The analysis of similarity among DNA sequences represented by the 9-component vectors is based on the assumption that two DNA sequences are similar if the corresponding 9-component vectors point to a similar direction in the 9D space and have similar magnitudes. The similarity/dissimilarity between these two vectors can be measured by calculating the correlation angle of two vectors, too. That is to say, the smaller are the correlation angles, the more similar are the two DNA sequences.
First, in Table II , based on method in Section II-B, we list the values of 2 S of the coding sequence of the first exon of globin gene of 11 species in Table I corresponding to patterns ATGC, ATCG and AGTC respectively. Then we construct a 9-component vector consisting 2 S to represent a DNA sequence. In Table III , we list the similarity/dissimilarity matrix for the coding sequence of the first exon of globin gene of 11 species in Table I based on the correlation angle of two 9-component vectors.
Observing from Table III, we find Gallus (the only nonmammal among them) is very dissimilar to others among the 11 species because the corresponding rows have larger entries and Opossum (the most remote species from the remaining mammals) is very dissimilar to other 8 species among the 11 species because the corresponding nodes in corresponding rows have large entries. On the other hand, Human-Chimpanzee, Gorilla-Human, Human-Gorilla, and Bovine-goat have smaller entries, so they are more similar species pairs. This is not an accident, but shows they have close evolutionary relationship. Furthermore, our approach also can be applied to long sequences. In Table IV , we give the similarity/dissimilarity matrix for the full coding sequences of globin genes belonging to 11 different species in Table I based on the correlation angle of two 9-component vectors. Form Table IV , we can find the same result mentioned above. On the basis of these findings we conclude that the presented 3D graphical representation of DNA have apparently captured important features of the DNA sequences considered. 
IV. DISCUSSIONS
In Table V , in order to prove the utility of our approach, we list the recently reported results of the examinations of the degree of similarity/dissimilarity of the coding sequences of the first exon of  -globin gene of several species with the coding sequence of the first exon of the human  -globin gene by means of approaches using alternative DNA sequence descriptors [1] - [3] , [7] , [13] , [16] - [19] . The alternative descriptors used are: the 3-component vectors of the leading eigenvalues of the L/L matrices [1] , the 12-component vector whose components are made up of the normalized leading eigenvalues of the L/L matrices associated with DNA [2] , the 15-component vectors consisting of the average bandwidths of a DNA sequence [3] , the 9-component vectors of the geometrical centers [7] , the 6-component vectors of the normalized leading eigenvalues of the L/L matrices [13] , the 16-component vector whose components are made up of frequency of occurrence of all possible ordered pairs of adjacent bases [16] , the 12-component vector made by using the leading eigenvalues of 12(4×4) matrices obtained from the cubic (4×4×4) matrix with elements denoting the frequencies of occurrence of all 64 possible triplets in a DNA sequence [17] , the 6-component vector whose components are composed of the leading eigenvalues of six (2×2) condensed matrices associated with a DNA sequence [18] , the 4-vectors of the normalized leading eigenvalues of the L/L matrices [19] . In order to visualize Table V directly, we transform Table V to Fig. 2 . As one can see from Fig. 2 , there exists an overall qualitative agreement among similarities based on different descriptors except Liao's work [1] , despite some variations among them. As for the reason, we think it was main information focus on the cumulative occurrence numbers of base A, G, C, T, because the value of z were more bigger than the value of x and y in Liao's work, that's to say, their 3D graphical representation of DNA sequences lose some biological information. This fact illustrates the utility of our approach. Furthermore, from Table IV, we surprisingly find that Rabbit-Mouse, Rabbit-Rat and Rat-Mouse have smaller entries which didn't appear in [15] , [29] - [34] . But this result coincided with result of phylogenetic tree [35] . So we think the graphical representation method can capture the main information on the interspecies similarity of  -globin gene contained in the first exon. But if we want to derive more information on the interspecies similarity of  -globin gene, we ought to consider the full coding sequences  -globin. Therefore, we think our graphical representation method is more effective to the comparative study of DNA sequences. 
V. CONCLUSIONS
In this paper, we outline another 3D graphical representation of DNA sequences without degeneracy according to chemical structures of the bases, and presented a similarity measure among DNA sequences. The representation considers not only strings structure but also chemical structure for DNA sequences, reflects distribution of the base pairs, reduces the loss of information in the transfer of data from DNA sequence to its graphical representation and allows numerical characterization. Based on this representation, we propose a numerical characterization approach by constructing a 9-component vector whose components are mathematic invariants, 2 S , associated with the DNA sequences rather than strings sequence themselves. We make a comparison for the first exon  -globin genes sequences belong to 11 different species based on our method. We find our result coincide with the results of similarity analysis reported in other's works [2] - [34] . The examination of similarities among the coding sequences of  -globin gene of different species illustrates the utility of the approach. In a word, our approach has some advantages: 1) The graphical representation we introduced is simple and direct; it can uniquely represent a DNA sequence, helping in recognizing major similarities among different DNA sequences without sequence alignment. 2) By the comparison with Liao's work, our method avoids the deficiency which appears in Liao's work, that's to say, our method is more rational. 3) A mathematic invariant, S 2 , is proposed, then we can construct a 9-component vector to represent a DNA sequence rather than strings sequence themselves. 4) Our graphical curves are compact and our approach also can be applied to long sequences such as complete sequences and their complexities of computation very small.
